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Effects of self-sown grass on soil porosity and soil infiltration
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Abstract In order to promote the soil water infiltration, improve the soil water retention capacity, and promote apple
production, with clean tillage as control, the effects of self-sown grass of lasted different years ( Stellaria media and
Malachium aquaticum community, the self-sown grass lasted 12, 8 and 4 years) on soil porosity, soil water retention,
soil infiltration, apple quality and others were systematically investigated in Weibei dry plateau. The results showed
that: The self-sown grass had no significant effect on soil bulk density and soil porosity of orchard in 0-40 cm soil layer,
but the self-sown grass significantly increased soil moisture, soil field moisture capacity and soil saturation moisture,
extremely significant increased soil water infiltration rate. The longer the self-sown grass lasted years, the greater the
effects were. The self-sown grass increased the fruit yields, fruit red coefficient, fruit firmness, fruit soluble solids
content and the ratio of soluble solids to titratable acid, but had no significant effects on single fruit weight, fruit shape

index and fruit titratable acid content. To sum up, the self-sown grass improved soil permeability, promoted soil
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infiltration, and increased fruit yield and quality. Therefore, the self-sown grass can be an effective measure to improve

soil water storage and water conservation of orchard in Weibei dry plateau.

Keywords self-sown grass; apple; soil porosity; soil infiltration; fruit quality
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F1 AEALEMNTERSE
Table 1 Soil bulk density of different treatments g/cm’

R RLE A AR SR FIRE SR 12 4

TR/ cm B
) i Self-sown grass Self-sown grass Self-sown grass
Soil depth Clean tillage
for 4 years for 8 years for 12 years

0~10 1.314=40. 142 a 1.296+0.128 a 1.286+0.138 a 1.27640.134 a
<10~20 1.322+0.138 a 1.298+0.132 a 1.285+0.129 a 1.276+£0.131 a
< 20~30 1.328+0.126 a 1.304+0.124 a 1.294+0.126 a 1.284+0.123 a
< 30~40 1.339£0.132 a 1.318£0.127 a 1.309£0.129 a 1.299+0.128 a
<<40~50 1.351%0.128 a 1.346=40.126 a 1.34140.128 a 1.33440.127 a
<50~60 1.359+0.124 a 1.356+0.122 a 1.352+0.122 a 1.349+0.122 a
SEH{E Average 1.336+0.134 a 1.320+0.127 a 1.311+0.126 a 1.303+0.129 a

R P AT AH R /NG R 2 O () A 2 IE] O b 2 25 5 (P<<0. 05) . 3R 2 [,
Note: Same lowercase letters in the same line indicate no significant difference at the 0. 05 level between different treatments.

The same as Table 2.

F2 AELEHTEIEE

Table 2 Soil porosity of different treatments %

ARERRREE 4 4F AMRERILL 84 ARERRE 12 4F

) & T H + )R E /cm 15 B
Self-sown grass Self-sown grass Self-sown grass
Measuring item Soil depth Clean tillage
for 4 years for 8 years for 12 years
0~10 50.5442.26 a 51.1242.31 a 51.5842.16 a 51.9742.24 a
<10~20 50.24+1.87 a 51.04%1.79 a 51.494+1.84 a 51.9741.81 a
N <20~30 49.89+1.68 a 50.79£1.72 a 51.234+1.69 a 51.67%£1.72 a
+ 5 S LB

<30~40 49.54+1.57 a 50.24%1.51 a 50.72+1.53 a 51.124+1.50 a

Soil total porosity
< 40~50 48.86+1.52 a 49.22+1.49 a 49.65+1.46 a 49,94+ 1.48 a
<50~60 48.39+1.50 a 48.724+1.48 a 48.98+1.45 a 49,214 1.46a
S 1E 49.58+1.98 a 50.1941.87 a 50.6141.84 a 50.9841.84 a
0~10 24.56+1.06 a 24.894+1.04 a 25.124+1.04 a 25.3641.02 a
<10~20 24.324+0.78 a 24.6840.76 a 24.9240.76 a 25.1840.75 a
L B <20~30 23.8240.75 a 24.1840.73 a 24.3740.73 a 24.5640.72 a
Soil capillary < 30~40 23.46+0.69 a 23.68+0.68 a 23.8640.67 a 23.99+0.67 a
porosity < 40~50 22.8840.68 a 23.0140.67 a 23.1640.84 a 23.2940.84 a
<50~60 22.4540.65 a 22.5840.65 a 22.6640.64 a 22.764+0.63 a
T 23.58+0.75 a 23.84+0.73 a 24.02+0.72 a 24,1940.72 a
0~10 25.98+1.21 a 26.23+1.19 a 26.46+1.19 a 26.61+£1.18 a
<10~20 25.924+1.18 a 26.36+1.14 a 26.57+1.14 a 26.79+1.12 a
FHET AL <20~30 26.0740.96 a 26.6140.92 a 26.8640.92 a 27.1140.92 a
Soil air-filled <30~40 26.08+0.88 a 26.5640.86 a 26.8640.84 a 27.13+0.84 a
porosity < 40~50 25.9840.83 a 26.21+0.83 a 26.4940.82 a 26.65+0.82 a
<50~60 25.9440.83 a 26.14+0.82 a 26.3240.82 a 26.46+0.81 a

FHE 26.0041.18 a 26.35+1.15 a 2659+1.13 a 26.794+1.13 a
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2.2 AEAEHTEERKMERE
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(P<<0.05) @ TUi#Fs AR AERERESE 8 4F 0~10 cm
T )E W E (P<<0. 0 T #F,10~50 em )2
FHP<<0.05) & TiEM: ARAEFTELL 4 4F 0~
10 em A1 20~40 em 4 2 B 3 (P<<0. 05) @ T i
BECR 3) . AR FRRE BRI XF 1 58K 4
(R 52 Bk R, FLXE B2 K ok R 2

+ e,

H AR AR FEERSE 12,8 Fl 4 4E 0~60 em + )2 F1
- 9 ] R K 3 RIS BE R T 4. 4290.3.29%
M 2.01%, AR E RS 12 4 0~30 em H)2 B F
(P<C0. 05) /5 Tk, AR AE B RFLE 8 4F 10~20 cm
T2 R FEP<<0.05 m TiE#H.

MR BERSE 12,8 Fll 4 4F 0~60 em + )2 F1
TR S K A B BE BN T 4. 5320.3.41%
M 2.15%, ASRAETHRSE 12 4 0~40 cm H 2 B F
(P<<0.05) /= T #F . B AR AE FUHFEL 8 4F 20~30 cm
+ )28 E(P<<0. 05) m Ti#(FE 3.

x3 ATREALEMLERFKEE

Table 3 Soil moisture holding capacity of different treatments %
. . HARE B GLL 4 HARET L 8 2 HAAER L 12 4
5 i = T EZHE/cm T
Self-sown grass Self-sown grass Self-sown grass
Measuring item Soil depth Clean tillage
for 4 years for 8 years for 12 years
0~10 15.6741.28 cB 16.8241. 32 bAB 17.4641. 26 abA 17.7941. 24 aA
<<10~20 15.34=+1.36 cB 16.0441.32 bcAB 16.64=41.24 abAB 16.98=+1.26 aA
<<20~30 14.98+1.19 cB 15.74+1.20 bAB 16.18+1.19 abAB 16.56+1.21 aA
+ K
<30~40 14.9841.17 bA 15.76 1. 22 aA 16.1341.21 aA 16.4141.18 aA
Soil moisture
<40~50 15.32=+1.12 bA 15.95+1.12 abA 16.244+1.09 aA 16.45+1.12 aA
<<50~60 15.86+1.05 aA 16.2441.04 aA 16.4241.06 aA 16.5441. 04 aA
SEH1E 15.36=%1. 24 bA 16.0941. 24 abA 16.5141. 20 aA 16.7941.18 aA
0~10 21.3141.54 bA 21.8941.56 abA 22.2441.58 abA 22.56+1.52 aA
<<10~20 21.0441.38 bA 21.68+1.32 abA 22.124+1.26 aA 22.4241.22 aA
FH ] 5 K <<20~30 20.46+1.25 bA 21.15+1. 22 abA 21.48+1.22 abA 21.8141.20 aA
Field moisture <30~40 20.1441. 24 aA 20.48+1.25 aA 20.784+1.22 aA 21.05+1.22 aA
capacity <<40~50 19.7641.05 aA 19.9141.04 aA 20.0141.02 aA 20.1241.02 aA
<50~60 19.5440. 94 aA 19.6140. 88 aA 19.6840.92 aA 19.74-+0.90 aA
- E{E 20.3841.23 aA 20.79+1.21 aA 21.05+1.21 aA 21.2841.20 aA
0~10 43,8542, 24 bA 44,9642, 32 abA 45.6742. 20 abA 46. 2342, 34 aA
<10~20 43.46+2.18 bA 44, 84+2.06 abA 45.58+2.06 abA 46.18£2.04 aA
+ S5 D B K < 20~30 42.8542.02 bA 44, 4341.98 abA 45.1541. 94 aA 45.8841.94 aA
Soil saturation <30~40 42.53%+1.98 bA 43.45+1.96 abA 44,174+1.96 abA 44.86+1.94 aA
moisture content <40~50 42.2041. 84 aA 42.5541. 84 aA 42.744+1.81 aA 42.94+1.80 aA
<50~60 42.1241. 64 aA 42.314+1.58 aA 42.4641.56 aA 42.58+1.56 aA
S #44H 42.8442.05 aA 43.764+1.97 aA 44, 3041.96 aA 44, 784+1.95 aA

R FEATARNG RS k53 51 R AN R b B8] 77 76 88 35 (P<<0. 05) FIil 3% (P<<0. 0D 2 5, R,

Note: Different lowercase letters and capital letters in the same line indicate significant difference at the 0. 05 and 0. 01 levels between

different treatments, respectively. The same below.
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Soil infitration rate of different treatments

It 30 T Y+ A R B 3 (P<<0. 0D @ T
HARA BAFLE 4 4R, AR AE RRFEL 12 4R I 2 (P<
0.05) % T H AR AR FF 4k 8 45 AR R4 12
R KRR E A B RN B F(P<<0. 0D T
FUARAE RS 4 4, 3% (P<<0. 05) B T H R4
Frsr S 4E, AR AE WS SAEM LK R E A
BERWFE(P<0.05) & T AR AL 448
(£,

R4 FTRVEBEBRENEMEHTENSEE

Table 4

Soil infiltration rate in different infiltration stages of different treatments

mm/min

HHF

Clean tillage

AB W B

Infiltration stages

FISRAEFRREE 4 4 FARAE HF4E 8 4F

Self-sown grass

FIAR A O RR S 12 4F

Self-sown grass Self-sown grass

for 4 years for 8 years for 12 years

WITh A B F 5.6240. 34 dC

Initial infiltration rate

A 30 min ABHE 2.63+0.24 dC

Infiltration rate in the first 30 min

W33 8] B A8 R 1.41+0.12 dC

Infiltration rate during the testing

Stable infiltration rate

1.1040.02 dC

6.74+0.32 cB 7.62+0.32 bA 8.13£0.32 aA
3.14£0.22 cB 3.59+0.22 bA 3.924£0.21 aA
1.5940.12 ¢B 1.7540. 14 bA 1.90+0. 14 aA
1.2140.02 cB 1.3140.03 bAB 1.4240. 03 aA
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2.4 AELNEBHERFER&ER
[ AR B ERSE 12,8 F1 4 4F 1Y 35 3 7™ 54 B 4%
VEHHRE T 24,289 .16, 84 % F1 7. 44 %, H SR A B

S22 12 8 AEM B2 (P<<0. 01 & Tk, |4k 4
BRRLE 4 AE B (P<<0.05) E TIE#HE., AR
SEIAE PR MK, SR = MR (K 5),

x5 TRLEHRITERRR

Table 5 Fruit yield and fruit quality of different treatments
. - HARA RS 4 4F HARERIFLL S F HARARRLZ 124
) T H B
Self-sown grass Self-sown grass Self-sown grass
Measuring item Clean tillage
for 4 years for 8 years for 12 years

= ht/ (kg/#) Fruit yield 41.56+2.45 dC  44.654+3.12 ¢cBC  48.56+3.43 bAB  51.65+3.54 aA
R i /g Single fruit weight 218.67+12.14 aA 221.87412.46 aA 223.62112.34 aA  222.84+12.68 aA
BRI FEE Fruit shape index 0.88+0.03 aA 0.887+0.04 aA 0.89+0.03 aA 0.89+0.03 aA
HEmF/ % Red coefficient 91.21+2.14 bA  96.72+1.02 aA  97.81+0.78 aA 98. 82+0. 64 aA
B ¥ / (kg/cm®) Fruit firmness 8.5140.34 bB  9.2240.39 aAB  9.42+0.42 aA 9.5640.45 aA
AV [ R 4 5 o3 B/ % 11.4841.14 bB  12.56+1.16 aAB  12.68+1.18 aA 12.75+1.21 aA
Soluble solid mass fraction
AR S R T 3 R 0.3820.05 aA 0.38740. 04 aA 0.3720.03 aA 0.3740.032 aA
Titratable acid mass fraction
Eifizd=4 30.2142.26 bB 33.0542.43 aAB  34.27+£2.46 aA 34.4642.47 aA

Ratio of soluble solids to titratable acid

AN [ Ak R ) B SR T AN SR R A8 B A — B R
R A R B S € E R 3 (P<<0. 05) & T
BE. FSRAEwRREE 12,8 A1 4 4F Y S S AE 1 43 ) 4
HHHE R T 11.16%,10. 69 % F1 7. 29 % , Al %5 [
e &R R E T 11, 06% .10, 45% F1 6. 79% .
SRS R LA 4R T 14,07 % .13, 44 %5 F1 9. 40%
PLEDN S H [ AR AR FURRSR 12 1 8 AR I S ik i 3
(P<<0.01) @ TWE A, AARAE RURREE 4 4R I 3%
(P<0. 05) /= F Ik, AS[R] Ab 3 i 5 56 0] 3 o 1R &
e N W NP Pl I TR T e =8 I = NV
R 252 119 A IR AR, T 2R S B A 5 R R 2 (R 5D
3 9

e R 7 O R R A L
JT B T TR Rt AT S ARl i Y s e A
FL B R 2 1) TR B A R 4y, LB K KNy
At B D A A 00 35 SV R KRR DL S AR
Y ZR A - 25 (] 1) At 8, 100 422 5% i) - 38 AT g R AE 9
PR FERE R g 1A N b, 2R R e AL
Bl 2 B2z BRI Hb T O S RN MR A R ), 7

BUNROE b 32 B2 MW A ST PR B KAk A
PEMRZ I b [ AR AE RS, e R AR AR R AE
A AR RN, o F T Al A A R
BT S ALRE s HOUOR MR RIE T S W
OFRIE URAL A T b AR BAE AL S =R
AR 2 5 T B 4 o AT BT, b AT BILJ AT 4
e R KRR A SR A 18 o b e LB A o 1
A ALB . ko LRSS A 5 5 DU [ AR AR RS
TR B R SL M B A R T R S S W an i i)
(Lumbricus ssp. ) F1IB W (Formicidae) 2§ 19 4= 77, 1M
X IR YA A K B AR S T IR R K
g FL B, Bl B A AL B0 00 5 B SR A B e Y
A S v Rk REORL B B B R SR S L B R R R
BALBREES SRR IR R 1 F AR A R
SO A B2k PR T b AR A AN AR RN
Bl /D T LA 5 0 0 T AR 2 4 3 LB 1 A0 40 A
B A B B A FLBR A -, PR T e SR R A
SRAE RS LIRS T A BRI A, RIS B
BB LAEBE LB EA M ES, BR AR
AR HE LA HLS S B A S L
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BT g e 3 AR A B b 2 3 O B N A Bk,
AR AN 7 A AR R T A R
T AL BRI AR — A G2 i S AL AR PRI A [
A AR A 5 RN A M L B B ) RS T
Z IR N 2= 5

R A BB S B K M 2R K | 3K R R KA
AL —AEEA Y, LK AB L BRMA B
Sy ok T R T R AR R A3 B 3] - v A K R N R
AR T R T R X, R KR
F LR IE T HERFEAK Bl D AR L 3
TR A R A R ) IR A B R
30 min B ABRMEE AR R & THFRE,
B H AR A R B i b LR R R B A AL
Bl B T B A — i AR A R T BRI A
FEURSRE B R b i 4 98 3R 2 32 B T 19 4T o L
RGN AL B AR T KA A8 i H SR A HL Y
R el b TR 32 2% A0 LR AP, U058 T RRT T X T 4 T o
AR T s B 0 T8 B T > T A
Xt EHEK o A B IR 0T R U I 5 Y
BYIR AN B RS Z BB A L3 B b A
LB R ) (RUAS [ A BT SR B R AR R
EREK, ABEB G, X5 HIERZHED R R
Z AT R F K o A8 1 25 S AR )20 ) Bl
HAKRAEFERBK, LB T EHEED
I,

A - B+ R RS L B
ZAL AT BB B KRR T 2% R AE 8 . ROk M
RELr . IR ARG H R EA R
MRS, IR AL AR B LB A —
SE i IS8 Ik S AR T R KR A IR T A AR AR
Ffg HHES KRR R T bR BRSSO T
MEERRERE IEARK AR, AR RS T
SPe S KD GE T R T A M SR
MR AR B T A X 3 47 1 - R T NS
IREE T AR A R TR S R R RS
i JBT

TR e B AR AL 4 WK, BRI FFAZ 40 em IR
Jit JES 9 B8 it FIES T s Yt S st 29 A — 5 s ) 2% R Bl
JEREHEA 0~40 em + 2 M AW RESHETHAE
BLBR VAL B BRRNES S5 FR TR L S SR 4 i AT 42
R ALY B R R, R A AR A X
0~40 cm HJZ MK XF 40 em PAF + 2 48
AN VE BRI — Bt A AR it AR G 2 A A £

ST A AR A BT S SR — s A AT
T 9% AR AT RGBT - SR A 2% R 22, R 4 4
FIR 2 W ARG S92 2R 7 i R i B

4 & it

b S e S P e S e Y v S o S aa o
O, -5 G AL BE B4 LI B AR B8 FL B
A B BN e, T 3 K R[] RE K S A
Gl TR ) | I o I NG SN}
30 min [ 1A B H R ML E A B R R Y
Jin, HXF 0~40 em +J2 WM F 40~60 cm +
2 B AR RS AR BB X A o T
Jb 55 R bl i 3 2R 7 R I T AR R
A T ) 5 e R T R L K B 9K AR R S AR R
P18 A0 A T4 o EL R S B B R RO 8 BOR AT
MR & AR — 2, A2 AR AERLAERR 52 e, A SR
Az R AT R SR el M 0 T A L 4 R R KR OK
AE 7, B RS i Bt BT, 2 i R L R e
ST M PR L 4 R 0 KRR I AT R T
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